Abstract. Pulmonary carcinoma-associated proteins have emerged as crucial players in governing fundamental biological processes such as cell proliferation, apoptosis and metastasis in human cancers. Placenta-specific protein 1 (PLAC1) is a cancer-related protein, which is activated and upregulated in a variety of malignant tissues, including prostate cancer, gastric adenocarcinoma, colorectal, epithelial ovarian and breast cancer. However, its biological role and clinical significance in non-small cell lung cancer (NSCLC) development and progression are still unknown. In the present study, we found that PLAC1 was significantly upregulated in NSCLC tissues, and its expression level was associated with advanced pathological stage and it was also correlated with shorter progression-free survival of lung cancer patients. Furthermore, knockdown of PLAC1 expression by siRNA inhibited cell proliferation, induced apoptosis and impaired invasive ability in NSCLC cells partly via regulation of epithelial-mesenchymal transition (EMT)-related protein expression. Our findings present that increased PLAC1 could be identified as a negative prognostic biomarker in NSCLC and regulate cell proliferation and invasion. Thus, we conclusively demonstrated that PLAC1 plays a key role in NSCLC development and progression, which may provide novel insights on the function of tumor-related genedriven tumorigenesis.
Introduction
Non-small cell lung cancer (NSCLC), composed of adenocarcinoma and squamous cell carcinoma, is the preponderant form of lung cancer and accounts for the majority of lung cancer-related deaths worldwide (1) (2) (3) (4) . Despite advances in the diagnosis and treatment of patients with NSCLC, the overall 5-year survival rate of NSCLC is still less than 15% due to the vast majority of patients that are diagnosed at an advanced stage with metastasis or relapse (5, 6) . Tumor metastasis is a complex process involving multiple steps, including changes in tumor cell adhesion, matrix degradation, cell migration and invasion, angiogenesis and the ability of the immune system to combat invasion. (7) (8) (9) (10) (11) (12) (13) (14) . Lack of biomarkers for early diagnosis and metastasis markers are still some of the challenges in NSCLC. Therefore, identification of new functional genes and demonstration of their roles in NSCLC is essential for the development of specific diagnostic methods and the design of more effective therapeutic strategies for NSCLC patients (15) . Placenta-specific protein 1 (PLAC1) protein is encoded by placenta-specific gene 1, which is mainly localized in the cell membrane and involved in the regulation of trophoblast growth and differentiation. PLAC1 has been found to play an important role in placental and embryo development (particularly the brain development) (16) (17) (18) (19) (20) (21) . During embryo implantation, the invasion of trophocytes into the endometrium and the formation of blood vessels are very similar to the growth, invasion and migration of tumors (22) . Recently, increasing evidence revealed that PLAC1 expression is activated in a variety of human cancers, including gastric, non-small cell lung, liver and colorectal cancer, primary colorectal adenocarcinoma, epithelial ovarian and breast cancer (16, (23) (24) (25) (26) (27) (28) (29) (30) . In addition, increased expression of PLAC1 was found to be positively correlated with the degree of tumor invasion, lymph node metastasis and distant metastasis (31) . However, the expression pattern and functional role of PLAC1 in NSCLC have not yet been well documented.
In the present study, we performed immunohistochemistry and qRT-PCR analysis of PLAC1 expression levels in NSCLC tumor and adjacent non-tumor tissues, and NSCLC cell lines. We found that PLAC1 expression was significantly upregulated in NSCLC tissues, and its increased level was associated with poor prognosis and shorter survival time. Applying loss of function analysis, we investigated the biological function of PLAC1 in NSCLC cells. Finally, mechanistic investigation was performed to determine its regulation of underlying targets and pathways in NSCLC cells.
Materials and methods
Tissue collection. We obtained 88 NSCLC lung tissues from patients who underwent surgery at Jiangsu Province Hospital between 2012 and 2014 and were diagnosed with NSCLC based on histopathological evaluation. Clinicopathological characteristics, including tumor-node-metastasis (TNM) staging, were recorded. No local or systemic treatment was conducted in these patients before surgery. All collected tissue samples were immediately snap-frozen in liquid nitrogen and stored at -80̊C until required. The present study was approved by the Research Ethics Committee of Nanjing Medical university, China. Written informed consent was obtained from all patients.
Immunochemistry. Tumor core samples were transferred to blank wax block holes, with 3-5 independent sample points and 40-45 points/chip array. Serial sections (5-µm thick) were deparaffinized and rehydrated with xylene, and a series of grades of alcohol. After epitope retrieval (it can re-expose the antigen epitope or amend the denaturing effects of chemical reagents and thermal applications); and inactivation of endogenous peroxidase, sections were blocked with 10% normal goat serum for 30 min, and then sequentially incubated with a rabbit anti-PLAC1/CP1 antibody (R&D Systems, Minneapolis, MN, uSA) and horseradish peroxidase-conjugated anti-rabbit Igg [Cell Signaling Technology (CST), Danvers, MA, uSA]. After being washed, the slides were developed using diaminobenzidine tetrahydrochloride and counterstained with hematoxylin.
Cell lines. Five NSCLC adenocarcinoma cell lines (PC-9, SPC-A1, H1299, A549 and H1650), 2 NSCLC squamous carcinomas cell lines (H520 and SK-MES-1) and human bronchial epithelial cells 16HBE were purchased from the Institute of biochemistry and Cell biology of the Chinese Academy of Sciences (Shanghai, China). A549, H1975, H1299, H1650 and H520 cells were cultured in RPMI-1640 medium; 16HbE, PC-9 and SPC-A1 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (gibco-bRL, grand Island, NY, uSA) medium supplemented with 10% fetal bovine serum (FbS) 100 u/ml penicillin and 100 mg/ml streptomycin (Invitrogen, Carlsbad, CA, uSA) at 37̊C/5% CO 2 .
RNA extraction and qPCR assays. Total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. Total RNA (500 ng) was reverse-transcribed in a final volume of 10 µl using random primers under standard conditions for the PrimeScript RT Reagent kit (Takara, Dalian, China). We used the SYbR Premix Ex Taq (TaKaRa) to determine PLAC1 expression levels, following the manufacturer's instructions. Results were normalized to the expression of β-actin (Invitrogen). The specific primers used were as follows: PLAC1 sense, 5'-CTgTCTTAgTCgCCTTCATgC-3' and antisense, 5'-TgAACCAATCTgTCgAgCACA-3'; β-actin sense, 5'-TCA CCC ACA CTg TgC CCA TCT ACg A-3' and antisense, 5'-CAg Cgg AAC CgC TCA TTg CCA ATg g-3' (Invitrogen). The quantitative PCR (qPCR) assays were conducted on an AbI 7300 (Applied biosystems, Foster City, CA, uSA), and data was collected with this instrument. qPCR mainly included denaturation and annealing, the product length of which was expected to be between 80-150 bp. Our qPCR results were analyzed and expressed relative to threshold cycle (CT) values and then converted to fold changes.
Small interfering RNA duplexes and cell transfection. The si-PLAC1 (5'-gggCACgCCAuCuAAguuuTT-3') or si-NC (5'-uuCuCCgAACguguCACguTT-3') (Invitrogen) were transfected into PC-9 and H1299 cells. PC-9 and H1299 cells were grown on 6-well plates to confluency and transfected using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. At 24 h post-transfection, the cells were harvested for qPCR or 48 h for western blot analysis.
Cell viability assays. Cell viability was monitored using a cell proliferation reagent kit I [Cell Counting Kit-8 (CCK-8)] (Keygen biotech, Shanghai, China). The PC-9 and H1299 cells transfected with si-PLAC1 (3,000 cells/well) were grown in 96-well plates. Cell viability was assessed every 24 h following the manufacturer's protocol. All experiments were performed in quadruplicate. For each treatment group, the wells were assessed in triplicate.
Flow cytometry. H1299 or PC-9 cells transfected with si-PLAC1 were harvested 48 h after transfection by trypsinization. After double staining with FITC-Annexin v and propidium iodide (PI) was carried out using the FITC-Annexin v apoptosis detection kit (bD biosciences, San Jose, CA, uSA) according to the manufacturer's recommendations, the cells were analyzed with a flow cytometer (FACScan) equipped with Cellquest software (both from bD biosciences). Cells were discriminated into viable cells (Annexin v-negative and PI-negative), early apoptotic (Annexin v-positive and PI-negative), dead and apoptotic cells (Annexin v-positive and PI-positive), and then the relative ratio of early apoptotic cells was compared with the control transfectant from each experiment. Cells for cell cycle analysis were stained with PI using the Cycletest Plus DNA reagent kit (bD biosciences) following the manufacturer's protocol and analyzed by FACScan. The percentage of the cells in the g0/g1, S and g2/M phases were counted and compared.
Cell migration and invasion assays. For the migration assays, at 48 h post-transfection, 5x10
4 cells in serum-free media were placed into the upper chamber of an insert (8-µm pore size; Millipore, billerica, MA, uSA). For the invasion assays, 1x10 5 cells in serum-free medium were placed into the upper chamber of an insert coated with Matrigel (Sigma-Aldrich, St. Louis, MO, uSA). Medium containing 10% FbS (gibco-bRL) was added to the lower chamber. After incubation for 24 h, the cells remaining on the upper membrane were removed with cotton wool. Cells that had migrated or invaded through the membrane were stained with methanol and 0.1% crystal violet, imaged and counted using an IX71 inverted microscope (Olympus, Tokyo, Japan). Experiments were independently repeated 3 times.
Western blot assay and antibodies. Cells protein lysates (Millipore) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAgE), transferred to 0.22 µm NC membranes (Sigma, St. Louis, MO, uSA), and incu-bated with specific antibodies. Enhanced chemiluminescence (ECL) chromogenic substrate (beyotime, Shanghai, China) was used to visualize the bands and the intensity of the bands were quantified by densitometry (quantity One Software; bio-Rad, Hercules, CA, uSA). β-actin antibody (1:5,000) was used as a control, and anti-PLAC1 (1:500) (ab117528), anti-vimentin (1:2,000) (AF2105), anti-AKT (1:5,000) (MAb2055), antipAKT (S473) (1:2,000) (AF887) and anti-E-cadherin (1:10,000) (AF648) were purchased from R&D Systems. Donkey anti-goat Igg-HRP (1:5,000) (sc-2020) was purchased from Santa Cruz biotechnology (Santa Cruz, CA, uSA). goat anti-mouse Igg-HRP (1:5,000) (#7076s) and goat anti-rabbit Igg-HRP (1:5,000) (7074s) were purchased from CST.
Statistical analysis. All statistical analyses were performed using graphPad Prism 5.01 software (graphPad Software, Inc., La Jolla, CA, uSA). The significance of differences between groups was estimated using the Student's t-test or χ 2 test. Progression-free survival (PFS) rates were calculated using the Kaplan-Meier method with the log-rank test applied for comparison. variables with P<0.05 in univariate analysis were used in subsequent multivariate analysis on the basis of Cox regression analyses. Two-sided P-values were calculated, and a probability level of 0.05 was chosen for statistical significance.
Results

PLAC1 expression is upregulated in NSCLC and is correlated with poor prognosis.
The expression and localization of PLAC1 protein was determined by IHC staining using anti-PLAC1 antibody. As shown in Fig. 1A , PLAC1-positive signaling was confined to the neoplastic cell population, but not in adjacent stromal and non-neoplastic epithelial cells. Moreover, the PLAC1 protein level was higher in the moderately-and poorly-differentiated tumor tissues than that in the highly-differentiated tumor tissues (Fig. 1b) . In terms of clinical stage, the expression of PLAC1 in patients with advanced-stage tissue was higher than that in patients with early-stage tissue (Table Ⅰ) . Furthermore, the level of PLAC1 mRNA expression was determined in 88 NSCLC tissue samples by qRT-PCR. However, according to the histological classification, there was no significant difference in the expression of PLAC1 at the RNA level. To investigate the relationship between the expression level of PLAC1 and the clinical features of patients we classified these patients into 2 groups: the high-PLAC1 expression (n=44, fold change ≥ mean ratio); and the low-PLAC1 expression groups (n=44, fold change ≤ mean ratio) (Fig. 1C) . The association analysis revealed that higher PLAC1 expression was related with TNM stage (P= 0.0335), and lymph node metastasis (P=0.0165) (Table I) .
Furthermore, Kaplan-Meier survival analysis was conducted to investigate the correlation between PLAC1 expression and NSCLC patient prognosis. With respect to PFS, the median survival time for the low PLAC1 group was obviously far longer than that for the high PLAC1 group (Fig. 1D) . The Kaplan-Meier survival curve revealed that 2 years of overall survival for low PLAC1 expression was ~95% while for the high PLAC1 expression it was 55%. These findings support the hypothesis that PLAC1 overexpression plays an important role in NSCLC development and progression.
Modulation of PLAC1 expression in NSCLC cells. We next performed qRT-PCR analysis to examine the expression of PLAC1 in 7 human NSCLC cell lines, including both adenocarcinoma and squamous carcinoma subtypes. The results revealed that PLAC1 expression was higher in the NSCLC cells than that in the normal cell line 16HbE. As H1299 and PC-9 had higher PLAC1 expression level, we chose these 2 cells lines for further investigation (Fig. 2A) . Next, we detected the protein level of PLAC1 in H1299, PC-9 and SPC-A1 cells, and the results were consistent with the qRT-PCR results (Fig. 2b) . To investigate the functional effects of PLAC1 in NSCLC cells, we knocked down its expression through transfection with PLAC1-specific siRNA duplexes, and a scrambled siRNA was used as a negative control. Then, qRT-PCR analysis determined that PLAC1 mRNA expression was decreased by 85% in H1299 cells and 75% in PC-9 cells compared with the controls (Fig. 2C) . Consistent with this observation, the PLAC1 protein was significantly decreased in both cell lines transfected with PLAC1 siRNA (Fig. 2D) . Table Ⅰ . Correlation between PLAC1 expression and clinicopathological characteristics of NSCLC patients. 
PLAC1 ----------------------------------------------------
Knockdown of PLAC1 impairs NSCLC cell proliferation and induces apoptosis.
To assess the role of PLAC1 in NSCLC,
we investigated the effect of targeted knockdown of PLAC1 on cell proliferation. CCK-8 assays revealed that cell growth (Fig. 3A) . Colony formation assay results revealed that clonogenic survival was inhibited following downregulation of PLAC1 in H1299 and PC-9 cells (Fig. 3b) .
To further examine the effect of PLAC1 knockdown on the cell cycle in NSCLC cells, cell cycle progression was analyzed by flow cytometry. The results revealed that H1299 and PC-9 cells transfected with si-PLAC1 had a marked cell cycle arrest at the g1/g0 phase and a decreased g2/S phase ( Fig. 4A and b) . To determine whether NSCLC cell proliferation was influenced by cell apoptosis, we performed flow cytometry. The results revealed that NSCLC cells transfected with PLAC1 siRNA exhibited a significant effect on apoptosis in PC-9 cells in comparison with that in the control cells, but not in the H1299 cells (Fig. 4C and D) . Furthermore, in the H1299 cells a g2/M arrest was noted in the si-PLAC1 group, but the opposite phenomenon was observed in PC-9 cells due to the difference in apoptosis between the 2 types of cells. Specifically, since the apoptosis in the si-PLAC1 group of PC-9 cells was significantly increased than that in the si-NC group, thus the total number of active cells in the cell cycle in the si-PLAC1 group was relatively less than that in the si-NC group, leading to the number of PC-9 cells in the g2/M phase to be relatively less in the si-PLAC1 group.
Decreased PLAC1 expression inhibits NSCLC cell migration and invasion. Cancer cell migration and invasion is a significant aspect of tumor progression. To investigate the effect of PLAC1 on NSCLC cell migration and invasion, we performed Transwell assays. After knockdown of PLAC1 in H1299 and PC-9 cells, we observed a marked reduction of the migratory capacity of these cells compared with the control cells (Fig. 5A) . Moreover, invasive activity of H1299 and PC-9 cells was also inhibited by PLAC1 siRNA treatment (Fig. 5b) . The results indicated that PLAC1 plays an important role in cancer cell migration, invasion and tumor progression.
PLAC1 is involved in the regulation of the AKT pathway and EMT in NSCLC cells.
To explore the molecular mechanisms by which PLAC1 contributes to the phenotypes of NSCLC cells, we investigated potential targets involved in cancer cell proliferation, invasion and metastasis. The AKT pathway is an important regulator of cancer cell motility and migration (32) (33) (34) . Thus this prompted us to analyze whether PLAC1 had an effect on the regulation of AKT kinase in H1299 and PC-9 cells. Western blot analysis revealed that silencing of PLAC1 led to a marked reduction of phosphorylated AKT levels in H1299 and PC-9 cells, suggesting that AKT kinase activation was involved in the execution of downstream effects of PLAC1 (Fig. 6A and b) . In addition, previous studies indicated that epithelial-mesenchymal transition (EMT) was closely related to tumor migration and invasion. EMT is an evolutionarily conserved developmental process, which is induced during cancer progression and contributes to metastatic colonization. EMT endows metastatic properties in cancer cells by enhancing mobility, invasion and resistance to apoptotic stimuli (35) (36) (37) (38) . To assess the effects of PLAC1 on EMT-related protein expression such as E-cadherin and vimentin, siRNA specifically targeting PLAC1 was transfected into H1299 and PC-9 cells. As shown in Fig. 6C and D, the expression of E-cadherin was increased in PLAC1-knockdown H1299 and PC-9 cells. Additionally, the expression of vimentin was decreased in PLAC1-knockdown cells. These data indicated that PLAC1 may influence the proliferation, invasive ability of NSCLC cells partly by altering the AKT pathway and EMT process.
Discussion
Effective control of cell proliferation and invasion is critical to the prevention of oncogenesis and successful cancer therapy (7) . Therefore, identification of NSCLC-associated genes and investigation of their clinical significance and functions may provide a missing piece of the well-known oncogenic and tumor-suppressor network puzzle (15) . In the present study, we evaluated RNA and protein expression patterns of PLAC1 in NSCLC cell lines and primary tumor samples from NSCLC patients. We found that the expression of PLAC1 was upregulated in NSCLC tissues and cells compared to normal tissues and cells. Moreover, an increased PLAC1 expression level was related to cancer cell differentiation and short survival time of patients. These findings indicated that PLAC1 played a direct role in the modulation of NSCLC progression and may be considered as a novel prognostic marker for NSCLC.
PLAC1 is a new tumor-associated gene, which was originally described as an X-linked gene (39, 40) . PLAC1 expression is restricted primarily to cells derived from the trophoblast lineage, and is expressed during embryonic development (18) . Several studies have revealed that PLAC1 expression in normal placenta and cancer cells is driven by specific interactions involving a combination of transcription factors. Recently, a number of studies have demonstrated the role of PLAC1 in placental development, pregnancy and host immune response against malignant tumors (16, 23) . Notably, PLAC1 upregulation contributed to a range of biological functions and provided a cellular growth advantage, resulting in progressive and uncontrolled tumor growth.
To further investigate the biological role of PLAC1 in NSCLC, we explored the effects of PLAC1 on various aspects of NSCLC cell phenotype. RNAi-mediated suppression of PLAC1 in H1299 and PC-9 cells led to a significant inhibition of proliferation, migration and invasion, and cell growth arrest. To further document the molecular mechanism by which PLAC1 contributes to the NSCLC cell function, we investigated the potential target proteins involved in cell proliferation and invasion. In the present study, loss of PLAC1 in NSCLC cells led to a significant increase in the epithelial-mesenchymal transition-related protein levels of E-cadherin, and a decrease in vimentin. In addition, PLAC1 downregulation also reduced pAKT protein levels. Our findings indicated that PLAC1 contributed to NSCLC cell proliferation, migration and invasion possibly and partly via regulation of epithelial-mesenchymal transition and the AKT pathway.
In summary, the present study revealed that PLAC1 expression was highly expressed in NSCLC tissues, suggesting that PLAC1 may be a prognostic factor and higher risk for NSCLC patients. PLAC1 was involved in regulation of the proliferation, migration, and invasion abilities of NSCLC cells partly through regulation of epithelial-mesenchymal transition and the AKT pathway. These findings elucidated NSCLC pathogenesis and progression, and facilitate the development of tumor-associated gene-directed diagnostics and therapeutics against this deadly disease. 
